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'+ THE KNOCK-LIMITED PERFORMANCE OF FURL BEEED$ CONTAINING
SPIROPENTANE, MEJ!E!LERECYCLOBUI‘ANE, DI-tert-BU'HL
ETHER, METHYL ter’c B’U’I'!LI!E'BER ANDTRIPI‘ANE
_ By Carl L. Meyer

" INTRODUCTION

A general investigation is being conducted at the NACA Cleve-
land laboratory to determine the effectivensss of various compounds
as antiknock agents for aviation fuels. As a part of this program,
Iimited quantities of splropentane, methylenecyclobutane, -and
di-tert-butyl ether were synthesized for exploratory tests. Methyl
ter‘b-butyl ether and triptane, which had been commercially obtalned,
were used for comparative purposes. EKnock-limited tests were made
in a 17.6 engine of blends caontaining each of the five compounds
individually blended with S-4 reference fuel to a aancentration of
20 parcent by volume; the, ;E‘inal blends contained 4 ml 'I'EL per gallon
The data were obtainéd 1n August 1945,

A description of the: apparatus 18 given in reference 1. The-
tests were conducted with a 17.6 englne.at the following engine

oond.itions .

nnginespeed,rpm.......‘.'.'".;.'..".......-.1900
Compression ratlo . « ¢« « o« ¢ o ¢ = « o ¢« ¢« o ¢ s a o s ¢« o s T.0
Outlet-coolant temperature, °F . . . . . ¢ ¢« « ¢« & ¢« « « = . 212
Inlet—&ir tmpemture’ OF - [ . ] . '. ) ] s e . . . - . . 250’ 100
Spark advance, deg B.T.C. « « = +“c « ¢« 2 ¢ s 5 s+ a s« « a o « 30

PRESENTATION AND DISGUSSION OF RESULTS

The knock-limited performance at an inlet-alr temperature of
250° F of leaded blends containing spiropentane and meihylenecyclo-
butane is presented in figure 1; the.lknock~limitéd periorménce at
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inlet-alr temperatures of 250° F and 100° F of leaded blends con-
taining di-tert-butyl ether, methyl tert-butyl ether, and triptane
is presented in figure 2. All data at a glven inlet-oir temperature
were obtained during & single operating day. The data of figures 1
and 2 are sumarized in table I.

The 20-percent addition of apiropentane (fis. 1) decreased the
knock-1limited power of the base fuel at all fuel-alr ratios below
0.085 but permitted galne at ridher fuel-air mixtures. Methylene-
cyclobutene decreased the knock-1imited power of the base fuel at all
fuel-alr ratios below 0.112., Bectsuse of the lack of materilal, lkmock-
limited performence data were not obtalned for the spiropentane blend
at fuel-air ratios greater than 0,10; additional tests to determinse
the effect of a change in inlet-air temperature on the kmock-limited
performance of elther of the two aforementioned blends were not
posaglhble for the same reason.

Di-tert-butyl ether, methyl tert-butyl ether, and triptane
(fig. 2) increased the knock-limited power of the base fuel at all
fuel-air ratios and at both inlet-alr temperatures. Methyl tert-
butyl ether was the most effective antiknock agent of the three com-
pounds. Di-tert-butyl ether was more effective than triptane at
fuel-air retios belew O. 07 at the higher inlet-alr temperature and
at all fuel-air ratios at the lower inlet-alr temperature. (Under
other test conditions, reference 2 showed that di-tert-butyl ether
had better antikmock qualities than methyl tert -butyl ether at fuol-
air ratios below about 0.065.) Blends contalning the three compounds
are more sensltive at fuel-air ratios of 0.065 and 0.07 to changes
in inlet-alr temperature (table I(b)) than the base fuel; methyl
tert-butyl ether was the most sensitive in the aforementioned fuel-
air-ratio range.

Alrcraft Engine Research Laboratory, "
National Advisory Committee for Aercnautics,
Cleveland, Ohio.
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TABLE I - SUMMARY OF TEST DATA

[17.6 englne; compression ratio, 7.0; engine speed, 1800 rpm; spark
advance, 30° B.T.C.; outlet-coolant temperature, 212° F ]

(a) Relative performance

Blend compo-|Tetra~- imep ratio®
sition ethyl
Compound (percent by |lead Fuel-air ratio
volume) (m1/
Coanpoundls-‘;'. gal) | 0.065]|0.07{0.085/0,10[0.11
Inlet-air temperature, 250° F
3-4 reference fuel 0 100] 4 1.00 {1.00{1.00 {1.00]1.00
Spiropentane 20 80| 4 0.84 |0.86}1.00 {1.09]|-==~
Methylenecyclobutane STT .81] .89 | .95/0.99
Di~texrt-butyl ether 1.19 }1.1511.14 ]1.16]1.17
Methyl tert-butyl ether 1.26 J1.25]11.37 J1.45]1.47
Tr;gﬁgne 1,14 |1.15]11.20 {1.21]1.19
Inlet-air temperature, 100° F
S-4 reference fuel 0 100] 4 1.00 {1.00j1.00 J1.00}1.00
Di-tert-butyl ether 20 80 4 1.28 {1.26{1.23 |1.20|1.19
Methyl tert-butyl ether 1,40 |1.42}1.41 11.41]1.40
Triptane 1.19 §11.21}41.17 }1.15}1.16

8imep ratio = imep (20 percent; c.;om?ound + 80 percent S-4 +4 ml TEL/gal)
imep (S-4 +4 wl TEL/gal)

(b) Relative temporaturo sensitivity

Blend compo-|Totra-] Rolatlve temporature
sition etbyl sensitivityd
Compound (percent by |lead
) volume) (m1 / Fuel-alr ratis

Compound |S-4 gal) | 0.055]/0.07|0.085}0.10}0.11
S~4 referonce fuel 0 100} 4 1,00 {1.00{1.00 |1.0011.00
Di-tert-butyl ether 20 80] 4 1.08 |1.10{1.08 |1.0%311.02
Methyl tert-butyl ether } 1.11 |1.14]|1.05 .97 .95
Triptane 1.04 }1.05] .98 .95] .97

BRelative tempermture

- o
gerisl t1vity = imep ratio (inlet-air temperature, 100° F)
imep ratio (inlet-air temmerature, £50° F)

National Advisory Committee
for Aeronautics
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Figure 1. - The knock-limited performance of leaded blends containing spiropentane and
methyleneoyclobutane individually blended with 5-4 regeren;e fuel. 17.6 engine; compression
?1?60‘* 7.0; engine speed, 1800 rpm; spark advance, 30° B. 7. C.; ocutlet-coolant temperature,
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Figure 2. - The knock-limited performance of leaded blends containt di-tert-butyl ether,
methyl tert-butyl ether, and triptane indlividually blended with S-4 reference fuel. 17.6
englne; compression ratio, 7.0; engine speed, 1800 rpm; spark advance, 30° B, T. C.;

outlet-coolant temperature, 212° P,
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